1. Introduction {#s0005}
===============

Autoimmune hepatitis (AIH) is a progressive and chronic condition in which the immune system attacks the liver, causing inflammation and liver cell death. In humans, AIH is characterized by the presence of interface hepatitis and portal plasma cell infiltration, hypergammaglobulinemia, increased serum transaminases and autoantibodies (autoAb) to liver antigens (Ag). Like most other autoimmune diseases, this disorder results from a complex interaction between triggering factors, such as viral infections, genetic predisposition, and immunoregulatory networks [@bb0005], [@bb0010], [@bb0015], [@bb0020].

An animal model of AIH could be useful to provide information on the mechanism by which the liver is protecting itself against an immune attack and how various triggering agents disrupt this immune tolerance [@bb0015]. Besides, getting insight into this mechanism could lead to preventive or therapeutic measures [@bb0025], [@bb0030]. Thus, in the present paper, we report the results obtained with a hepatotropic virus, a mouse hepatitis virus (MHV-A59) in a susceptible mouse strain, C57BL/6 (B6), immunized with a strong T cell stimulator, PADRE for \"Pan HLA-DR binding epitope" [@bb0035], [@bb0040].

MHV-A59 is a coronavirus that causes various mouse pathologies, including hepatitis, thymus involution [@bb0045], IgG2a-restricted hypergammaglobulinaemia [@bb0050] and transient demyelination [@bb0055]. We have reported the presence of autoantibodies (autoAb) to fumarylacetoacetate hydrolase (FAH) in sera from various mouse strains after MHV infection [@bb0060]. The autoAb recognized conformational as well as linear antigenic determinants in the enzyme, and the autoimmune response was partly related to molecular mimicry [@bb0065], [@bb0070], [@bb0075]. Furthermore, we have shown that the induction of the anti-FAH autoAb was associated with the MHV-induced release of some danger signals [@bb0080], also called DAMPs (damage-associated molecular patterns) or alarmins [@bb0085].

In a recent work [@bb0090], we inoculated BALB/c mice with carbon tetrachloride (CCl~4~) 30 days after MHV infection, and autoAb and total Ig were assayed in serum 20 days later. The association of MHV infection with the toxic effects of CCl~4~ resulted in hypergammaglobulinemia and the production of autoAb to various liver and kidney proteins [@bb0090]. Liver histology showed several pathological changes, but without the cellular infiltrate that characterizes AIH [@bb0025], [@bb0030].

To improve the previous experimental model of AIH-like disease, herein we used the synthetic peptide PADRE [@bb0035], [@bb0040], which was injected together with the virus. Now, B6 mice were chosen rather than BALB/c because B6 strain is known to better respond to PADRE than other mouse strains [@bb0035]. The present results indicate first that MHV-infected B6 mice developed several signs of AIH, i.e., hypergammaglobulinaemia, autoAb to liver antigens (Ag), elevated transaminases and, interestingly, liver infiltrates. In addition, the simultaneous treatment with PADRE amplified some signs of the AIH-like disease.

2. Materials and methods {#s0010}
========================

2.1. Mice {#s0015}
---------

Specific-pathogen-free (SPF) female C57BL/6 mice from the University of La Plata, Argentina, were used at the age of 8--10 weeks. All animals were maintained in isolators, on standard laboratory chow, under SPF conditions until the end of the experiments, and received care in compliance with international legal requirements.

2.2. Preparation of MHV stock {#s0020}
-----------------------------

The NCTC 1469 adherent cell line derived from normal mouse liver was purchased from the American Type Culture Collection. Cells growing in T-75 bottles were inoculated with MHV A59 virus at a multiplicity of 1--5 TCID~50~/cell.

After an adsorption period of 1 h at 37 °C, 15 ml of NCTC 135 medium with 10% fetal calf serum was added to each bottle and incubated at 37 °C. Several cycles of freezing and thawing were used to release the virus 24 h after inoculation. The harvested virus was centrifuged at 400  *g* for 10 min to removed debris and the supernatant was frozen at − 70 °C for storage.

Virus titration by endpoint method was performed by inoculating serial dilutions of the MHV stock onto cell monolayers in 96-multiwell plates. After 24 h, wells with viral cytopathic effect were counted for each dilution and titer was expressed as 50 % tissue infectious doses (TCID~50~) [@bb0095].

2.3. Viral infection and PADRE inoculation {#s0025}
------------------------------------------

Twelve C57BL/6 mice were inoculated subcutaneously with 50 μg of PADRE/100 μl of PBS diluted 1/2 in complete Freund\'s adjuvant from Sigma-Aldrich Inc., Illinois, MO, USA (mice called "PADRE"). From the latter, after 24 h, 6 mice were infected intraperitoneally with 10^4^ TCID~50~ of MHV-A59 (animals "MHV + PADRE"). As a control, a third group of 6 mice was infected only with the virus ("MHV" mice). The mice were bled 15, 30 and 45 days after infection.

2.4. Immunoglobulin assays {#s0030}
--------------------------

For total IgG determination in mouse serum, ELISA microplates (Corning Incorporated, Corning, NY, USA) were coated with 100 μl of phosphate buffer saline (PBS) containing a 1:500 diluted rabbit antiserum directed against mouse Ig. The plates were blocked 1 h at 37 °C with 0.01 M Tris, 0.13 M NaCl, pH 7.4 (TMS) containing 5% of non-fat milk (TMS-M) and were incubated with serial dilutions of mouse serum in the same medium. After 2 h at 37 °C and washing with PBS containing 0.125 ml of Tween 20 per liter (PBS-Tween), the plates were incubated 1 h at 37 °C with peroxidase-labeled anti-mouse IgG Ab. These peroxidase-labeled goat anti-mouse IgG (Santa Cruz Biotechnology, CA, USA) were used at a 1:10,000 dilution in TMS-M.

2.5. Synthesis and purification of PADRE {#s0035}
----------------------------------------

The sequence of the peptide PADRE is, in a single letter code, aK (X) VAAWTLKAa, where X is the L-cyclohexylalanine, D-amino acids are designated by lowercase letters, and the C-terminal is an amide [@bb0035], [@bb0040]. The peptide synthesis was performed by solid phase Fmoc methodology on a 0.25 mmol scale. Peptides were assembled on an automatic peptide synthesizer model 431 A (Applied Biosystems Inc. Foster City, CA, USA). Fmoc amino acids (Peptides International, Louisville, KY, USA) were incorporated onto Rink amide-p-methyl P-benzhydrylamine resin (Peptides International Inc., Louisville, Kentucky, USA) as hydroxybenzotriazole active esters. The Fmoc protecting group was removed with 20% piperidine in N-methylpyrrolidone (NMP).

Peptide cleavage of the resin was achieved with trifluoracetic acid (TFA)/ethanedithiol/water 9.5:0.25:0.25 (v/v) for 2 h at room temperature. The suspension of resin was filtered and the crude material was precipitated by adding 15 ml of cold diethyl ether and washed three times with diethyl ether. The residual ether was removed by evaporation under reduced pressure and the peptide was lyophilized.

The crude peptide material was purified by high performance liquid chromatography (HPLC) on a C18 Vydac semi preparative column, 1 × 25 cm (The Separation Group, Hesperia. CA, USA) eluted with a linear acetonitrile gradient (24--80%, in the presence of 0.1% of TFA) over 35 min at 1.5 ml/min). The main peak was collected, lyophilized and repurified on the same column. Peptide purity was verified by amino acid analysis, sequence determination and mass spectrometry performed at the LANAIS-PRO (National Protein Sequencing Facility, UBA-CONICET, Buenos Aires, Argentina).

2.6. ELISA to test anti-PADRE Ab {#s0040}
--------------------------------

Essentially, the method described by Ball et al. [@bb0100], was used. ELISA plates (Corning Incorporated, Corning, NY, USA) were coated with 2 μg of poly-[l]{.smallcaps}-lysine (45--50 kDa, Sigma-Aldrich Inc., Illinois, MO, USA) contained in 50 μl of 0.05 M sodium bicarbonate buffer, pH 9.6. After 1 h at room temperature and a wash with PBS, 50 μl of 1% (v/v) glutaraldehyde was added to each well and the plates washed after 15 min of incubation. The peptide PADRE was diluted to a concentration of 10 μg/ml in PBS and 50 μl was added to the wells coated with poly-[l]{.smallcaps}-lysine and activated with glutaraldehyde. The plates were incubated overnight at room temperature and then washed twice with PBS. Reactive aldehyde sites were blocked by the addition of 1 M glycine, 200 μl/well, followed by incubation for 1 h at room temperature and washed.

The plates were then incubated overnight at room temperature with mouse serum diluted in 0.01 M Tris, 0.13 M NaCl, pH 7.4, containing 5% of non-fat milk (TBS-M), and after washing with PBS containing 0.125 ml of Tween 20 per liter (PBS-Tween), bound Ab were revealed with peroxidase-labeled goat anti-mouse IgG (Santa Cruz Biotechnology, CA, USA) diluted 1:10,000 in TBS-M. As a substrate, ortho-phenylene-diamine-dihydrochloride (OPD, Sigma Chemical Co, St. Louis, MO, U.S.A.) with freshly added H~2~O~2~ was used. The reaction was stopped after 10 min by addition of 1 M H~2~SO~4~. The absorption was measured by ELISA reader (Metertech Inc., Taipei, Taiwan) at 490 nm. Non-specific values of optical density were obtained in the absence of mouse serum.

2.7. Preparation of liver lysates {#s0045}
---------------------------------

Livers from non-infected C57BL/6 mice were removed, soaked in chilled PBS and ground in an Omni Mixer Homogenizer (Omni International Inc, USA) at 4 °C with 20 volumes of PBS containing 1 mM phenylmethyl--sulfonyl fluoride (PMSF) and 1 U/ml of trypsin inhibitor. The homogenates were centrifuged for 10 min at 400  *g* and the clarified extracts kept at − 20 °C until used. A sample of each suspension was solubilized by heating for 30 min at 100 °C in 1 M NaOH and protein concentration was determined by the method of Lowry et al. [@bb0105].

2.8. Purification of rat liver FAH {#s0050}
----------------------------------

The enzyme was prepared as previously described [@bb0060]. Briefly, livers from 90-day-old Wistar rats were homogenized in 5 vol (v/w) of chilled 0.3 M sucrose, 5 mM Tris/HCl buffer containing 0.5 mM CaCl~2~, 1 U/ml of trypsin inhibitor and 1 mM PMSF, pH 7.4. After centrifugation at 10,000  *g* for 20 min and then at 100,000 g for 1 h, ethyl alcohol was added to the supernatant as to obtain a final concentration of 50% ethanol. This mixture was allowed to stand overnight at 4 °C and then centrifuged at 16,300  *g* for 15 min. The supernatant was mixed with 95% ethyl alcohol to yield a final alcohol concentration of 70%. After incubating overnight at 4 °C the precipitated enzyme was packed by centrifugation at 16,300  *g* for 15 min. The pellet was resuspended in 25 mM phosphate buffer pH 7.2 and stirred for 30 min. The supernatant fluid was recovered after centrifugation of the suspension at 16,300  *g* for 10 min and solid ammonium sulfate was added so as to obtain a final salt concentration of 40%. After 1 h at 4 °C and centrifugation at 16,300  *g* for 10 min the pellet was resuspended in 20 mM Tris/HCl pH 8.0 and dialyzed against the same buffer.

2.9. Western blot analysis {#s0055}
--------------------------

Liver extract (100 μg of protein) or purified FAH protein (50 μg) was submitted to 10% SDS-PAGE and then transferred onto nitrocellulose sheets (Amersham, Buckinghamshire, UK). After reversible staining with Ponceau S to check satisfactory transfer, non-specific Ab-binding sites were blocked by incubating the sheets with 5% non-fat milk in 30 mM Tris, 0.14 M NaCl, 0.1% (v/v) Tween 20, pH 8.0 (TBS-M-T) for 1 h at room temperature with shaking. The strips were then incubated overnight at 4 °C with an Ab dilution in TBS-M-T. After several washings with TBS containing 0.1% Tween 20, bound Ab were revealed with peroxidase-labeled goat anti-mouse IgG (Ig-PO, Santa Cruz Biotechnology, CA, USA) diluted 1:10000 in TBS-M-T and ECL Plus reagents (Amersham, Buckinghamshire, UK). In every experiment, a negative control (pool of sera from the same naïve B6 mice used afterward) and a positive control (pool of sera from MHV-infected B6 mice) were included. The apparent molecular mass (kDa) of the detected bands was determined using a wide range protein standard (BDH Laboratory Supplies Poole BH15 1TD, UK).

2.10. Dot blot assays {#s0060}
---------------------

The FAH protein was diluted in 0.03 M Tris, 0.14 M NaCl pH 8.0 (TBS), then placed (100 μl containing 10 or 15 μg of protein) on the nitrocellulose paper using the Bio-Dot equipment (BioRad Laboratories, Hercules, CA, USA). The membranes were then blocked by incubating for 1 h at 20 °C with 0.03 M Tris, 0.14 M NaCl pH 8.0 (TBS) containing 5% non-fat milk and 0.1% (v/v) Tween 20 (TBS-M-T). After washing with TBS containing 0.1% (v/v) Tween 20 (TBS-T) to remove excess of protein, membranes were incubated overnight at 4 °C with the indicated serum dilution, washed with TBS-T and incubated 1 h at 20 °C with a dilution of 1:10,000 of Ig-PO in TBS-M-T. After four washes with TBS-T, bound Ab were detected by a chemiluminescent reaction (ECL Plus, Amersham, Buckinghamshire, UK) and the fluorescence was subsequently captured on a radiographic film in a frame for X-rays. After exposure, the film was immersed in developing solution for 2 min (Eastman Kodak Company, New York, USA), rinsed with water and then treated for 5 min in development solution (Eastman Kodak Company, New York, USA). To quantify the intensity of the bands obtained, we used the Gel Pro Analyzer program 4 (Media Cybernetics Inc, Silver Spring, MD, USA).

2.11. High-mobility group box protein 1 (HMGB1) assay {#s0065}
-----------------------------------------------------

Mouse sera were filtered with Centricon YM-100 (Millipore Corp, USA) to clear the samples from macromolecular complexes and then concentrated 15-fold with Centricon YM-30 and separated on 12% SDS-polyacrilamide gels. Western blot analysis was carried out as described above, and HMGB1 was identified with MAb anti-HMGB1 HAP46.5 (Santa Cruz Biotechnology, CA, USA) diluted 1:1000 and peroxidase-labeled goat anti-mouse IgG. Recombinant human HMGB1 (HMGBiotech SRL, Milano, Italy) was used as positive control.

2.12. Histology {#s0070}
---------------

Livers from "MHV", "MHV + PADRE" or control mice (no treatment) were cut into blocks and fixed by immersion into 10% formalin in 0.1 M phosphate buffer, pH 7.4. After fixation, the tissues were dehydrated in graded alcohols, and then embedded in paraffin. 5-μm sections were cut, stained with Harris' hematoxylin for 2 min and counterstained with eosin for 2 min. The sections were then washed with distilled water, dehydrated in graded alcohols and xylene, and mounted with Canada Balsam.

2.13. Transaminase determination {#s0075}
--------------------------------

Serum aspartate aminotransferase (AST) was determined using the GOT (AST) Unitest (Wiener Lab., Rosario, Argentina).

2.14. Measurement of uric acid concentration in plasma and liver tissue {#s0080}
-----------------------------------------------------------------------

Uric acid concentration was determined enzymatically using the assay kit Uricostat (Wiener Lab, Rosario, Argentina) in 1:50 diluted mouse sera or liver extracts as indicated by the manufacturer. Liver extracts (1 g/20 ml) were prepared as indicated above, except that distilled water was used instead of PBS and that the suspension was centrifuged twice for 10 min at 400  *g*.

3. Results {#s0085}
==========

3.1. Total immunoglobulin (Ig) {#s0090}
------------------------------

As expected, since MHV produces hypergammaglobulinemia [@bb0050], [@bb0095], higher Ig levels were found in sera from "MHV" and "MHV + PADRE" mice than in controls at 15 and 30 days post-infection; Ig concentration decreased to normal values after 45 days ([Fig. 1](#f0005){ref-type="fig"} ). PADRE inoculation also caused a significant increase of Ig over control at 15 and 30 days post-treatment ([Fig. 1](#f0005){ref-type="fig"}). Moreover, the values of serum Ig concentration were significantly higher in serum from "MHV + PADRE" than in "MHV" animals after 30 days of treatment ([Fig. 1](#f0005){ref-type="fig"}).Fig. 1Concentration of total Ig in sera from mice submitted to different treatments. ELISA results are the means of serum dilutions to reach an OD of 1.0. Individual values are represented for each mouse group. A, B and C: 15, 30 and 45 days post-infection and/or post-treatment, respectively. Mann--Whitney U-test was used for the statistical comparisons. We obtained a value of \* P \< 0.05 for:1)"PADRE", "MHV" and "MHV + PADRE" vs. Control in A and B.2)"PADRE" vs. "MHV + PADRE" in A.3)"MHV" vs. "MHV + PADRE" in B.Control: sera from untreated mice

3.2. AutoAb in sera from mice infected with MHV and/or treated with PADRE {#s0095}
-------------------------------------------------------------------------

The positions of the various bands of autoAg detected by Western blot assays (relative mobility, RM) were calculated according to their mobilities in relation to the endogenous IgG heavy and light chains location (arbitrary values of 1 and 0, respectively) ([Fig. 2](#f0010){ref-type="fig"} -I).Fig. 2AutoAb to liver tissue in sera from C57BL/6 mice submitted to the indicated treatments. Liver lysates were prepared as indicated in [Materials and methods](#s0010){ref-type="sec"} and separated by SDS-PAGE in 10% gels, transferred onto nitrocellulose sheets and incubated with 1:100 serum dilutions. Bound Ab were revealed by peroxidase-labeled IgG anti-mouse IgG and ECL Plus reagents.I)Example of the calculation of the Relative Mobility (RM) of the autoAg. The IgG heavy and light chains already present in tissues were used as conventional markers (values of 1 and 0, respectively) to calculate the RM of the different proteins. In the figure, the FAH position corresponded to a RM of 0.7.II)Representative results of Western blot assays. A, B and C: 15, 30 and 45 days after the indicated treatments. Control: sera from untreated mice.

Anti-FAH autoAb were detected in sera from "MHV" and "MHV + PADRE" mice at all tested times, as previously described for BALB/c, 129/Sv and CBA/Ht mice infected with MHV [@bb0060] ([Fig. 2](#f0010){ref-type="fig"}-II). Unexpectedly, in addition to the anti-FAH autoAb, the B6 mice used in this study produced Ab against other liver proteins of different molecular weight after either MHV infection alone or MHV infection together with PADRE treatment. Even mice that were treated with PADRE alone produced autoAb against various liver proteins (see representative results in [Fig. 2](#f0010){ref-type="fig"}-II) whereas sera from mice inoculated with complete Freund\'s adjuvant alone did not react at all (data not shown).

The whole results, presented as individual values of RM, indicated that autoAb from "PADRE" animals detected a similar number of bands corresponding to liver autoAg at 15 and 30 days after treatment (10 and 12 bands, respectively) and a decrease of Ab reactivity at 45 days (4 bands) ([Fig. 3](#f0015){ref-type="fig"} ). As described above, B6 mice inoculated with MHV developed autoAb against other proteins than FAH ([Fig. 3](#f0015){ref-type="fig"}). The number of bands detected, excluding the FAH, was higher at 30 days (9 bands) than at 15 or 45 days (3 and 4 bands, respectively). Similarly, Ab from "MHV + PADRE" animals detected the highest number of autoAg (11 bands) at 30 days, whereas at 15 or 45 days post-treatment seven bands were obtained ([Fig. 3](#f0015){ref-type="fig"}).Fig. 3Relative mobility of liver autoAg. Dots indicate the individual values of relative mobility (RM) obtained for each group of six mice submitted to the indicated treatments (see [Fig. 2](#f0010){ref-type="fig"}). A, B and C: 15, 30 and 45 days post-infection, respectively. Relative mobility of FAH in A: 0.7; B and C: 0.5.

3.3. Reactivity of anti-FAH autoAb determined by Western blot and dot blot analyses {#s0100}
-----------------------------------------------------------------------------------

Since Western blot results showed a higher intensity of autoAb reactivity in sera of "MHV + PADRE" mice than in "PADRE" or "MHV" animals ([Fig. 2](#f0010){ref-type="fig"}-II), we measured the reactivity of autoAb specific to FAH. Western blot analyses indicated that the reactivity of anti-FAH autoAb increased about 30% in sera from "MHV + PADRE" compared with values from "MHV" mice at 30 days post-infection ([Fig. 4](#f0020){ref-type="fig"} -A). Identical results were obtained with sera after 15 days of treatment (data not shown).Fig. 4Reactivity of anti-FAH Ab determined by Western blot (A) and dot blot (B) analysesA)Reactivity towards FAH (purified from rat liver) of a pool of six sera from mice after 30 days of the indicated treatments. P: PADRE; M: MHV; M + P: MHV + PADRE; C: control, untreated mice. The intensities of the bands were measured by densitometry and results were expressed as % of controls, taken as 100% the reactivity of sera from mice infected with MHV (grey bars). Black and white bars indicated results from M + P and C, respectively, whereas horizontal shows PADRE results. Values are means ± SD of three independent determinations and statistical significance of M + P in comparison with M was calculated with the Student *t* test. \*\*\* P \< 0.001.B)Reactivity towards FAH (purified from rat liver) of a pool of six sera from mice after 30 days of the indicated treatments. P: PADRE; M: MHV; M + P: MHV + PADRE; C: control, untreated mice. The intensities of the dots obtained with 15 μg of FAH were analyzed by densitometry. A value of DO = 100% was assigned to the reactivity of sera from mice infected with MHV (grey bars). Black and white bars indicated results from M + P and C, respectively, whereas horizontal shows results obtained with PADRE. Values are means ± SD of three independent determinations and statistical significance of M + P in comparison with M were calculated with the Student *t* test \*\* P \< 0.005.

Under Western blot conditions the proteins are mostly denatured, so the anti-FAH autoAb would recognize mainly linear and/or cryptic epitopes of the protein. Thus, to determine the autoAb reactivity towards native (or conformational) epitopes of the enzyme, dot blot assays were used. Results indicated that binding reactivity of the anti-FAH Ab was higher in sera from "MHV + PADRE" than in "MHV" mice after 30 days of treatment ([Fig. 4](#f0020){ref-type="fig"}-B), whereas no such differences were detected in samples taken 15 days post-treatment (data not shown).

3.4. Ab towards PADRE {#s0105}
---------------------

Anti-PADRE Ab titers (expressed as the serum dilution to obtain an OD = 0.5) were similar in non-treated and MHV-infected mice, ranging from 200 to 1200 at 15, 30 and 45 days post-treatment ([Table 1](#t0005){ref-type="table"} -a). On the other hand, Ab titers in "PADRE" animals raised from 1200 to 2800 and 5000 at 15, 30 and 45 days, respectively, whereas those found in "MHV + PADRE" mice were 800, 8000 and 15,000 at the three bleeding times tested ([Table 1](#t0005){ref-type="table"}-a).Table 1Immunological and biochemical parameters determined in this work.TreatmentDays post-treatment and/or infection153045Anti-PADRE Ab (a)\
1/dilution (DO ~490nm~ = 0.5) Control200500300 PADRE120028005000 MHV1200700350 MHV + PADRE800800015,000AST concentration (b)\
(expressed as a ratio of sample/normal control) PADRE0.7 ± 0.20.5 ± 0.20.4 ± 0.2 MHV3.6 ± 2.1\*10.1 ± 4.3\*0.4 ± 0.1 MHV + PADRE3.5 ± 2.5\*7.2 ± 1.3\*\*0.4 ± 0.1Uric acid (mg/l) (c) Control10.5 ± 0.311.3 ± 0.711.2 ± 0.3 PADRE17.3 ± 0.9\*\*15.0 ± 0.3\*17.5 ± 0.8\*\* MHV9.1 ± 1.517.5 ± 1.0\*\*19.8 ± 0.8\*\*\* MHV + PADRE13.5 ± 1.213.8 ± 1.514.6 ± 0.0 \*\*\*HMGB1 (μg/ml) (d) ControlNDNDND PADREND79.3 ± 4.8140.1 ± 21.5 MHVND150.7 ± 0.8168.2 ± 5.7 MHV + PADREND120.6 ± 30.1194.3 ± 9.6[^1][^2][^3][^4]

The autoAb to liver tissue in "PADRE" and "MHV + PADRE" mice could be due to a possible cross-reaction of anti-PADRE Ab with a variety of liver proteins. However, the highest titers of Ab to PADRE were found 45 days post-infection in either "PADRE" or "MHV + PADRE" mice ([Table 1](#t0005){ref-type="table"}-a), whereas autoAb to liver proteins were more abundant at 30 days ([Fig. 3](#f0015){ref-type="fig"}), suggesting a lack of correlation between both findings and probably the absence of cross-reaction between anti-PADRE Ab with liver proteins.

3.5. Serum aspartate aminotransferase (AST) {#s0110}
-------------------------------------------

"PADRE" animals did not show elevated levels of the enzyme at any time after treatment ([Table 1](#t0005){ref-type="table"}-b). In contrast, "MHV" and "MHV + PADRE" mice displayed significant higher AST serum levels than controls at 15 and 30 days post-infection, whereas values at 45 days were similar to those found in non-treated animals ([Table 1](#t0005){ref-type="table"}-b).

3.6. Uric acid and HMGB1 {#s0115}
------------------------

As uric acid and HGMB1 are potent alarmins (DAMPs, damage-associated molecular patterns, or endogenous adjuvants) [@bb0110], [@bb0115], we followed their releases in the four mouse groups. A single inoculation of PADRE significantly increased serum uric acid over control values at 15, 30 and 45 days post-treatment ([Table 1](#t0005){ref-type="table"}-c). Besides, "MHV" mice showed elevated uric acid concentrations in sera obtained after 30 and 45 days of virus inoculation, whereas in serum from "MHV + PADRE" animals the uric acid levels were higher than in controls only at 45 days post-infection. We have also measured the uric acid concentration in hepatocyte extracts from four mice 30 days after treatment, and the following results were obtained: 3.3 ± 0.2 mg/g in controls, 3.5 ± 0.1 mg/g in "PADRE" animals, 6.4 ± 0.5 mg/g (P \< 0.005) in "MHV" mice, and 5.9 ± 0.6 mg/g (P \< 0.005) in "MHV + PADRE" mice. It should be noted that, at 30 days, the level of uric acid was not significantly increased in serum from "MHV + PADRE" mice, whereas it was clearly elevated in the hepatocyte extract.

The other alarmin, HMGB1, was undetectable in the sera of the four groups at 15 post-infection or post-treatment, but its level strongly increased after 30 and 45 days in \"MHV\", \"MHV + PADRE\" and even in \"PADRE\" groups ([Table 1](#t0005){ref-type="table"}-d).

3.7. Liver pathology {#s0120}
--------------------

Liver sections of some control animals contained small foci of lymphocytes and neutrophils, although most samples did not show cellular injuries ([Fig. 5](#f0025){ref-type="fig"} ). Livers from "MHV" mice exhibited more severe damages than controls: edema and necrosis of hepatocytes, and significant infiltrates of lymphocytes and neutrophils, mainly 45 days post-infection ([Fig. 5](#f0025){ref-type="fig"}). Livers from "MHV + PADRE" mice showed abundant foci of cellular infiltrates at 30 and 45 days post-infection, suggesting that PADRE aggravated in some degree the pathology induced by the virus ([Fig. 5](#f0025){ref-type="fig"}). No fibrosis was observed in any group.Fig. 5Representative micrographs of hematoxylin-eosin-stained liver sections. Magnification: 10× (scale bar: 240 μm). Inset: 40× (scale bar: 33 μm). See the procedures in [Materials and methods](#s0010){ref-type="sec"}. A, B and C: 15, 30 and 45 days post-infection, respectively. CONTROL MICE (no treatment). Left: small focus of lymphocytic infiltration; Right: portal space without lesions.A)"MHV": hyperemia, hepatocytes with cell swelling and the presence of a small focus of lymphocytic infiltration; "MHV + PADRE": a small focus of lymphocytic infiltration around the portal space.B)"MHV": hepatocyte necrosis; "MHV + PADRE": a major focus of lymphocytic infiltration near the portal space.C)"MHV": a major focus of lymphocytic infiltration near a blood vessel; "MHV + PADRE": an important focus of lymphocytic infiltration near a blood vessel and liver cells showing cellular edema.

4. Discussion {#s0125}
=============

In animal models, AIH is induced by various mechanisms including xenoimmunization with human antigens [@bb0120], [@bb0125], adenovirus vectors [@bb0025], [@bb0130], transgenesis [@bb0135], or polyclonal activation of T cells by inoculation of concanavalin A [@bb0140]. In those models, liver damage was observed, and in some conditions elevated transaminases. However, no Ab to liver proteins other than those directed to the immunogen, neither high Ig plasmatic levels were reported. In addition, most models were described as transient, since the mechanisms critical for perpetuation of liver damage are still unknown \[for a review see Refs. [@bb0015], [@bb0025], [@bb0030]\]. Besides, we have recently found that a simple and common phenomenon, i.e., a viral infection inducing autoAb to an autologous protein followed by a toxic liver injury, could induce some signs of AIH [@bb0090]. It was proposed that the release of a greater amount of alarmins [@bb0110] could induce the expansion of the autoimmune response and establish a pathology that resembles AIH [@bb0090].

The purpose of the present work was to establish a better model of experimental AIH-like disease using MHV-infected mice simultaneously treated with a peptide that is a universal T lymphocyte epitope (PADRE) [@bb0035], [@bb0040] and so could have amplify and diversify the autoimmune response induced by the virus and restricted to FAH in other mouse strains.

It should be stressed that C57BL/6 (B6) mice, when infected with MHV, were found to behave differently from other mouse strains. Indeed, BALB/c, CBA/Ht and 129/Sv mice, after viral infection, had autoantibodies restricted to FAH [@bb0060] whereas MHV-A59 infected B6 mice developed autoantibodies to multiple liver antigens.

Furthermore, sera from B6 mice inoculated with "PADRE" alone also showed autoAb against liver proteins, principally at 30 days post-treatment. In the "MHV + PADRE" group, these autoAb were more abundant and more diversified in their specificities than in "PADRE" animals. In addition, Western blot and dot blot assays proved that autoAb induced in "MHV + PADRE" mice did bind FAH protein stronger than those found in "MHV" animals. Ab from "MHV + PADRE" animals were mainly directed to native epitopes of the enzyme, indicating that PADRE adjuvant should influence B-cell responses.

Because the induction of autoAb detected in both groups, "PADRE" and "MHV + PADRE", could be related to the presence of anti-PADRE Ab and their possible cross-reactions with liver proteins, anti-PADRE Ab were tested by ELISA. As expected, no anti-PADRE Ab were detected in control or "MHV" animals, although autoAb to liver proteins were found in the latter. Moreover, anti-PADRE Ab peaked at 45 days post-infection or post-treatment in both groups "PADRE" and "MHV + PADRE", whereas autoAb to liver proteins peaked at 30 days, indicating that anti-PADRE Ab and autoAb had a different kinetics and, probably, were unrelated in their antigenic specificities.

The pathologic features of the liver in mice submitted to the various treatments indicated that some control mice presented small cellular infiltrates, not observed previously in BALB/c mice coming from the same facility [@bb0060], [@bb0090]. In spite of that, it was observed that MHV and/or PADRE inoculation worsened the condition, since more important infiltrates were observed, mainly in "MHV + PADRE" animals. Injured hepatocytes liberated transaminases, as indicated by the elevated concentrations of the enzymes at 15 and 30 days post-infection although, intriguingly, their plasmatic values were similar to those of controls after 45 days of treatment.

Uric acid, one of the most studied alarmins [@bb0115], increased in serum from "PADRE" animals at all times tested, whereas its level in "MHV" augmented after 30 and 45 days of treatment. Furthermore, uric acid concentration was higher than controls only after 45 days of viral infection in "MHV + PADRE" mice. One could speculate that plasmatic uric acid in "MHV + PADRE" mice after 30 days of treatment was similar to controls, and lower than values found in "MHV" animals, due to urate crystals retention within the hepatocytes. In fact, once the uric acid concentration was tested in whole liver tissue 30 days after treatment, results showed identical values in "MHV" and "MHV + PADRE" animals. On the other hand, serum HGMB1 concentration significantly augmented with time in the three animal groups, even in "PADRE" mice.

PADRE is presented by MHC class II molecules and is expected to act only on T helper cells and, indirectly on B cells [@bb0035], [@bb0040]. Consequently, the effects of PADRE on the release of both alarmins are unexpectedly and intriguing. As it was found that the uric acid levels present in plasma from "PADRE" animals were elevated, but not in the hepatocyte extracts, the origins of both alarmins are probably not the hepatocytes, but perhaps the stimulated lymphocytes or other non antigen-specific leucocytes. One can also speculate that PADRE is recognized by some PRRs (pattern-recognizing receptors such as the Toll-like receptors and NOD-like receptors), a fact that has, to our knowledge, not been reported so far.

The liver is known to be a classical immunoprivileged site, which is well illustrated by the experiment showing that ectopic expression of myelin basic protein (MBP) in the mouse liver protected against autoimmune neuroinflammation through the involvement of regulatory T cells [@bb0145]. In addition, regulatory CD4^+^CD25^+^ T cells (Tregs) were found numerically and functionally defective in human AIH [@bb0150]. However, this control could be inhibited by non-specific activation of innate immunity through Toll-like receptor 3 [@bb0155]. Moreover, it has been reported that uric acid could amplify humoral immune responses [@bb0110] and that various Toll-like receptors associated with the inhibition of Tregs may bind alarmins such as heat shock proteins, HMGB1 and chromatin [@bb0160], [@bb0165]. Thus, it is possible that alarmins released under the effects of MHV and PADRE could bind to some Toll-like receptors and indirectly inhibit Tregs, so inducing some of the AIH signs.

In conclusion, MHV infection alone was capable to cause a hepatitis associated with transient hypergammaglobulinemia, elevated transaminases, and autoAb directed against different liver proteins in B6 mice, signs that are reminiscent of those of AIH. In addition, PADRE administration intensified the effect of viral infection, prolonging the hypergammaglobulinemia and increasing the autoAb reactivity as well as hepatic infiltrations.

As stated by Vergani and Mieli-Vergani [@bb0020], "The ideal model for AIH should have a well-defined initiating event followed by chronic inflammation leading to fibrosis". Therefore, the first part of the objective was reached, since our present results demonstrate that infection of susceptible individuals with a hepatotropic virus triggers some AIH signs. Moreover, since the administration of PADRE adjuvant seemed to expand some MHV effects, one can speculate that a simple vaccination of an infected genetically vulnerable person may eventually initiate the illness. Nevertheless, the chronic phase of the disease, as well as the fibrosis normally found in liver of AIH patients is still lacking in our model. Although more efforts are needed to achieve that goal, the findings indicate that a simple infection with a virus, instead of complex and not natural protocols of immunization, may simulate the onset of the illness and contribute to the study of its pathophysiology.
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[^1]: a\) A pool of sera from six mice submitted to each treatment was diluted as indicated in [Materials and methods](#s0010){ref-type="sec"} and then added to the ELISA wells. Values are the mean of serum dilution to reach an OD of 0.5.

[^2]: b\) The levels of AST in sera from six animals under each condition were determined. Normal control values were 15--30 U/l, depending on the sample used. Statistical significance in comparison with PADRE treatment was calculated using the Mann--Whitney U-test. \* P \< 0.05; \*\*P \< 0.01.

[^3]: c\) Uric acid was assayed on pooled sera from six mice in triplicate, and statistical significance was calculated with the Student test \* P \< 0.01, \*\* P \< 0.005, \*\*\* P \< 0.0001. Control: sera from untreated mice.

[^4]: d\) Pools of sera from six mice submitted to each treatment were used to detect HMGB1 by Western blot assays. The protein concentration was calculated by densitometry in comparison with a positive control (500 μg/ml of recombinant human HMGB1 from HMGBiotech SRL Milano, Italy). ND: not detected.
